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ABLTRACT 


This inveatigation was undertaken to determine 
whether sone one of severe] common shapes of handle for a 
generally-used type of switeh would provide for a ainteum 
of time required to operate the switeh. 

The time required by fifteen male operators to 
rotate a eet of four switehes to four different angles 
using five shapes of owitch handles was measured, 

The overall averace tines obtained (in hundredths 
of seconda) are as follows: 

a ie Sb 
Handle 1 189.6 285.9 859.0 300.3 
Handle 2 17465 222.68 240.3 861.3 
Handle 3 196,22 £35.53 £76,.0 317.1 
lismdle @ 167.4 221.0 £51.7 £96.8 
Rendle S&S 186.6 236.5 £75.5 315.0 

an examination of the data shows that the round 
shapes of handles provided for the higher operating tines 
while the generally rectangular shapes provided for the 
lower operating times. 
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TR. EFFECT UF GHITCH-EWUL. sr B 
WON THK Time GaQVIRSD FOR Ov dact Lam 
TITMOVUCTION AND PURPOSE 

A review of the literature shows that some con- 
sideration has bean given to desiguing sawlteh-handle 
shapes for appesrance and indieation of fusetion*, In- 
quiries made at some of the leading electrical apparatus 
manufacturers, suet. as General Alectrio Company, “esting- 
house Lleotriec Corporation and arme Corporation, reveal 
thet industry has investigated tie design of switeh-handie 
siapes for appearance, feel to the hand and, in some cases, 
to provide better leverare for operation. 

Apparently little congideration has been given to 
designing the shape with the thougnit ic mind of providing 
for minimum operating tine”, ag may be desired in the case 
of gontrol panela for comeunication or radar equipment, 
computing machines and the like. Thus, thia investigstion 
was undertaken to determine whether soue one of several 
common shapes of handle for a generaliy-used type of switeh 
would provide for a ainimum of tine required to operates 
the switch. 


1. Prise, Wesley, “Why Filota Mare Mistakes", caturday 
fvening fest, April 19, 1347, p. 15. 


&. Raines, Arnol4, and Rosenbloom, 7. H., “Ideal Torgues 
for tandwheels and Snobs", Sechine realign, -ugust, 
1946, pp. 145-148, 
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&cPARATUG 

The equipment used to moagure the tinue required 
by the several operatora consisted of the following: a 
plywood panel on whieh were mounted four ten-position 
rotary switches (Figs. 1 and 2), 4 relay and a normally- 
Gloged nicroswiteh; a table upon whieh the panel, timing 
eleek and power supply rested; « ehair for the operator; 

a Girect-ourrent power supply for the timing elosk and the 
relay; an electric elooek whleh could de read to 1/100th of 
a second; wd the required wiring. 

The chair, an unpadded, wooden, stralght~-backed 
plece of furniture, waa placed so that its centerline to- 
ineided with @ line aldway between the four awitehes and 
at a @istance from the panel dependent upon the forearm 
measurement of the operator. The panel wae adjusted 
vertically so that the elbow of the cperator, when seated 
an@ when the upper are wan vertieal and held against the 
side with the forearna at right angles to it, waa ten inches 
below the center line ef the switshes. The dimensions and 
layout of the equipment are given in Figures 1, 2 and 3. 

The switehes used rere commrcially-obtained, 
ten=poesition wafer awitches with epring ball detents, The 
averace maximum torque required to rotate the switehes from 
ene detent to the next waa three ineh-pounds. The switeh 
handlea were aleo conpereially-obtained. For the shapes 


and dimensions of these handles see Figures 4 and 5. 
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Layout of equipment 


ea ie: 
=i ree = 
z a ce = 
, Na 
| . = = 





ees 
iepe te 
te go 
' 





Fig. 2 View of equipment in operation 
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Fige 4 Switch handles 





nandle #1 Handle #2 





F1ge 


Dimensions of switch handles. 





The plane of rotation cf the switches was vertical 
and the switches were rotated in tae clockwise direction 
only. The test was limited to clockwise rotation in order 
te eliminate tne effect of opposite dirsotions of rotation. 
The angular positions eof the switches were marked on the 
panel by quarter-ineh wide colored atripes: blaek for the 0 
degreea or vertical poaition; light blue for the $0 degree 
position; bright red for the 60 degree position; yellow for 
the 90 degree position; light green for the 120 degree 
position; gold for the 150 degree position; and black for 
the 190 degres position. Sach switch handle was nerked 
with a one-sixteenth ineh wide white stripe (Figa. 4 and 5) 
whieh served eas an index. The dackground around the awitoh 
handles am atripes was aluminum. 

The mioroswiteh was so positioned to a cam on the 
shaft of the left-hand switch that, as soon as the switoh 
atarted to move, the oircult to the tining clook was alosed 
and the cloex began to run. The right-hand ewilteh was 
wired to a relay # that the ocireuit to the cloek was 
broken when the switch reached ita deaignated position. 
Thie connection was ghanged for each required set-up so 
thst the clocx would stop whon the required position was 
reached. The wiring diagram fa illuvatrated in Figure 6. 

The clock used was of the type in which the motor 
runs continuously while the movement of the hands is con- 
trolled by a solencid-operated brake on a friction drive. 
Thus, the effect of inertia in the driving meshanian of the 
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Quick change 


Connection 


Rotary switches 





vii. 6 


Block wiring diagram 
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hands La ninimized. 

The power supply was a battery cherger whieh 
required an input of 115 volts a.c. and whien had an output 
of 6.5 volte d.c. The eloek motor required 115 volts e.c. 
while the solenold-operated brake and tne relay required 
6 volts 4.6, 
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PROCEDURE 

In order to facilitate the application of the 
experinestal results ta sotual equipment, an attempt was 
made to present the test problem in a manner which would 
yesexdle an application in actual use. Jineoe a great 
many switohboerd and control equipment operators are 
seated at their jobs, and ainoe it was desired tmt the 
effects of physical differences be zininized®, the test 
operators were seated, 

Before beginning the test, sach operator was 
asked to fill out an scperator data sheet, This data 
sheet, shown in Appendix C, Figure 8, was used to insure 
that all operators were free of abnormalities wiish might 
affect the resulta and to aid in traeing down any ineon~ 
aisteneles in operator performance which sight develop. 

When the sheet had been filled out, the operator 
was asked te be seated in the test oheair. He was then 
asked to hold his upper arm vertioal and against his side 
with his forearm extenfod at right angles te it. The ehair 
was moved so thet the tips of the operator's fingers just 
touched the edge of the table. The height of the panel was 
adjusted vy meanga of blocks so that the elbow of the opsra~ 
ter, with his arm in the pesition juat desoribed, waa tes 
inohes below the eeaterline cf the switches. 
3. Yor a diseussion of physieal differences, see Tufts 

Colleze institute for Applied isyshology, tandbook of 


Numan Zngineering Data, parts I and li, Medford, Pasa., 
1949. 
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The operates waa then asked to identify the colored 
etripes as the colors were named, in order to eliminate any 
operators who might be color biind. «after this shesk, the 
operator Was asked to position each switeh in the red (60 
degree) position, atarting with the left-hand switeh and 
using only his right hand. The left hand wee not used so 
that all operators would mve the same motion pattern and to 
Glininate the effects of two-handed operation. in order to 
Gliminete the posnibility of becoming familiar with one . 
shape of handle, each switeh was provided with a differentiy- 
shaped handle for the test run. 4 

The regular runs were then comenced and were pre- 
gented in a previously-designed random omer as shown in 
Appendiz C, Figure 9. The position of the operator et the 
beginning of sash run was erect in the chair with hia hands 
in his lap. The following set of instruotions was read to 
the operator: "The position to whieh the switches are to ve 
rotated will be designated by ooler, You will use only your 
right hand and rotate the switehes only in the elookwise 
@ircetion. You will start with the left-hand awiteh and 
operate the switehea from left to right. You are to positica 
each switch accurately in the designated position as rapidly 
as possible. Aecuracy ila of prime importance, but you anould 
work as rapidly as you think you gan without making errors.“ 
4 For a dincussion of the paycholorical aspseets of this 

preoedure, see Chapanis, A.a., Garner, &.f., aid Morgen, 


J.T, Applied Experimental isychology, New York, John 
tiley & sons, Inc., 1949. 
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The desired position of the switches waa designated 
by Goler andthe operator was given the oral omer, “Hegin". 
Be then raised his right hand from his lap and advanced it to 
the left-hand switeh. The awitehes were operated from left 
to right and in a clockwise direction of rotation,  (t the 
gongletion of the run on each handls, the operator was agked 
to relex in the ohair while the next handle te be presented 
was installed on the panel. 

Hach operater waa required to wam tiree complete 
puns and the average of the timea was computed to be used for 
analysis purposes. Hao of the three runs was identical. 
That is, the opetator wae presented with the coaplete 
sequence of five handles and four angles (as shown on the 
sample data sheet in Appendix C, Figure %) three suscessire 
tines, 
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RASULTS 
Tae overall average times obtained from this 
favestigation arse siown in Table 1 below. The individual 
operator's average times are ahown in Table Z. The actual 
tine values obtained for all operaters for all handles are 
given in Appendix A, Tables 3, 4 and 5. 


| i): a 0 
Randle 1 199.6 £25.99 £39.0 300.3 
Handle & 174.8 Z£22.8 840.3 21.3 
Hamtle 3 199.8 233.3 276.0 317.1 
Tiandle 4 187.4 221.0 £51.7 £96.% 
Handle 5 186.6 236.6 275.5 315.0 
fable il. 
Overall averaze times. 
(In hundredths of a second, } 

An examination of Table 1 shows thet handle #2 
rejuire? the least time for all angles of rotation exeept 
60°, Handle #4 required the least time for 60° and the 
second lowest time for 96° and 120°. Nandle #3 required the 
most time for all angles exeept 60° where it required next 
to the hignest time, 

Curves based upon the data contained in Table 1 
are showm in Figure 7, The curves were fitted by the method 
of least squares and the equations are given in Appendix 53. 


Gxamination of the curves shows that, for ali angles of 
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Averece tine values for all runs. 
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Fig. 7 


Operating times vs. angles of rotation for switch handles 
(best-fitting curves) 
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rotation, handle #2 required the least time and handle #4 
required the second lowest tics. The other thres handles 
required the highest tizes. 

A statistieal analysia of the data (see ippendix 
3, Table 10) odtained for euch cf the Individual angies of 
Potation showed significant varianees among operators and 
eneng handles. The variance among oper.tors was Sonsistently 
much higher than that among handles, whieh was to be expected 
@ue to individual differences in people. 

For the complete date (see Appendix 9, Table 11), 
the variances emong handles and the variances among operators, 
for all angles of rotation, were bighly significant. The 
overall variance among angiea of rotation was highly signif- 
jeant although the interaction among handles oad angles of 
rotation was significant only above the 3) level. The 
iateraction among operators and handles and the imeraction 
among operaters and angles of rotation were both significant. 
The signifioances mentioned above are all at the 16 level 
unless otherwise stated, 
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ConeLy ilons 

The analysia of the data indlosates thet there is 
en optimum shaye of handle fer minimuz operating time for 
awitches under the ecnditions prevalent in this investigetion, 
An @gamination of the plotted data leads to the belief that, 
in these situations requiring turning « switeh handle to a 
specific pelnt, the round siaped handle provides for the 
highest operating tines while the generally restangular 
shape provides for tha lowest tines. It ia probable that 
those shapes wore nearly resexbling a pointer provide a 
better indication of position than the round shape with only 
an index mark. 
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Time values for third run. 
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For the purpose of analysis, the data in Table 2 
were separated for each angle of rotation. The data in 
each group were simplified for computetion by subtracting 
the same amount from each value in the group and arranged 
as shown in tables 6, 7, & and 9. 

Each column was then totaled and the individual 
column totals labeled Xj» Xp, Xe Ras and Xs The grand 
total of all data in the table was labeled Z. Each value in 
the table was squared and the sum of the squares labeled r*. 
Zach row was totaled and the individual row totals labeled 
Y\> Yo» Ys» end 80 on up to Ti5° 

The total variation, Q, was computed by means of 
the formula Q = r* . Pal » where k is the number of columns 
and mis the number of ween: 

The variation among column means, Q 


¢ 
by means of the formula Q = 2 (Xi 4 Xz ¢ 26 4 XG 4 x8) -z. 
gg 


» Was computed 


The variation among row means, Q;, was computed by 


means of the formula Q, =2 (xe 4 v5 + % cae we Ys) - a . 


The residual variation, Q 


oe: was computed by means 


of the formula 6 = Q- Qe - a * 

The column to column variance, we, was somputed 
by means of the formula oh = Q * (k-1). The row to row 
variance, om, was computed by means of the formula 
o. = Gy + (m-1). The residual variance, on, was computed 


by means of the formula of « Q, + (k-1) (m1). 
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The F values for the variances between rows and 
vetween columms were computed by dividing the variances, 
respectively, by the residual variance, These fF values were 
then gempared with the Fog and Fo) values from a table of 
¥ distribution for the proper degrees of freedon”, 

in like minner the variation, variance, and F 
values for total variation among handles, tetal variation 
among operators, total variation among angles of rotation, 
interaction between handles snd angles of retation, inter- 
action between operators and handles, ani interagtion between 
operators and angles of rotation were computed and canpared 
with the F<distribution table. Ail computed values are 
given in Tables 10 and ll. 

The average times required by all operaters for 
each handle and for eash angle of rotstion were computed, 
Rquations for lines cf beat Tit to the data were computed 
by the methed of least squares ani were plotted asa shown 
in Figure 7. The computed equations are: 

Randle #1 y @ 16,9528 + 1.218 x 

Handle #8 ¥= 9.506 ~ 1.150 x 

Handle #3 ¥ = 24.520 + 1,343 x 

Kendle #4 y= 15,4174 1.196 x 

Mandle #8 y = 15,053 ~ 1.454 x 


Lt 


5. Snedecor, Gave, Statiatical Methods Applied to sxperiments 
ja Agriculture and Biology, Ames, lowa, Sollegiate Press, 
1934. 
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-» \* -& 5 
1 oh 125 7S a) 
z 86 4a? 73 102 61 
3 35 51 59 27 41 
4 70 43 37 435 73 
5 46 39 ug % 65 
6 36 15 55 37 40 
7 66 66 66 63 75 
8 &7 30 16 ae £8 
9 72 50 37 64 36 
196 9 16 16 £2 i4 
12 78 67 738 as 71 
12 35 0 3 34 27 
i3 14 10 64 12 10 
14 Si 35 65 40 Ss 
15 69 54 $0 74 65 
EM 4 790 567 954 756 744 


m” sisea 27270 72612 468168 45704 


Table 6. 
Computation data for 30° rotation. 
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Computation date for 60° rotation. 
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i z 3 4 8 EY 
70 34 188 64 135 439 
45 95 14 ve 4 417 
45 30 66 zo 95 250 
53 G4 147 42 75 415 
$9 99 137 56 9 479 
51 12 77 41 65 245 
09 1 $5 100 161 546 
56 36 85 41 6&8 280 
104 38 64 70 63 389 
12 % 19 35 £9 99 
106 86 106 134 145 579 
“a7 17 63 45 76 £51 
35 & 18 19 44 116 
64 16 we S31 od L239 
131 79 80 112 95 427 
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Table 8. 


Computation data for 90° rotation. 
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g 60 86 97 81 7 395 32007 
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6 79 16 105 58 76 334 28662 
9 129 82 117—s«149 188 865 94699 
8 38-108 165 86 102 499 50133 
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Table 9. 


Computation data for 120° rotation. 
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Table 10. 


Computed values for individual engies of rotation. 
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Tsble 10. 


120° rotation 
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@( residual) $9359 .413 
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Table ll. 


Computed values for complete data. 
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SAMPLE OPERATOR DATA 2anetT 











Cperator Ne. eight — 
Date Height 

Date of Birth - Wear glasses? 

Coler Blind? Viaual defects? 


Natura of visual defects 











any eroken bones or physical defects of erne or hands? 
Shat dbonea broken’? 
What physieal defects? 
Lew much experionce at operating this type of switeh? 


ANA 

















RA 2 A Abele 





How do you feel? Unusually good Good AVerag 6 
Foor Tived 


ae Sea 


ow 4id you spend the lest hour? 





Class Taking a test steady ing sorting seating 
Relaxing Cther 





AFTOL TakinGe Tact 





fo whet extent were you proupted to work rapidly? 











Greatly Indlfferently i oorly. 
Distance of chair from table 
Ambient Lllumination: Bright AVOLaL® bin 











Figure 6G. 
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Gper. #1 Cper. #2 
Augle lend. Angle 
go” 60° 90” 120° so® 90° ac? 120° 
2 
3 
4 
5 
i 
Oper. #3 
Angle hand. Ang le 
go® 90° 120° «60° izo® 60° 30° 90° 
4 
4 
2 
3 
1 
Oper. #5 Gper. 6 
Angle Mande Jngle 
60° 120° g0° 90° 6o° 90° 120° 30° 
4 
o 
1 
2 
3 
Figure 9. 


Semple data sheet. 





Oper. #7 Oper. #6 
Rand, jdagle Band, Angle 
: go" 90° so° 120° . so° azo 90° 60° 
i 4 
4 3 
3 ‘ 
z 1 
Oper, #9 Uper. £10 
Band. Angle Hand. Angle 
120° 30° 0° 90° eo® 30° 120° 90° 
1 3 
4 1 
é 5 
3 4 
5 g 
Oper. #12 Oper. #12 
Hend. Angle hand, Angle 
go? 1g0° so° 60° 180° go° a0” 0° 
1 2 
g 1 
g 8 
3 4 
4 3 
Figure 3. 


(Continued) 





Gper, #15 oper. £14 
Bane. Angle hand. Angie 
90° 30° 220° 60° eo” 120° 9° 0° 
3 8 
5 3 
3 4 
2 i 
«% 5 
Oper. £15 
Kane. Angle 


9° g0° 0° 180° 


ea Ff bb» & 


Figure 9. 
(Continued) 
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